they can be averaged. This provides a unique value representing the whole neurophysiological exam. When averaging several Z-scores from a normal subject, random experimental errors from each parameter are canceled and the averaged value tends to zero 4, 7 . This means that the SD of the averaged Z-score is smaller than it should be, so it must be also analyzed in normal controls to establish its distribution 7 . After that, it can also be expressed as a single combined Z-score index and interpreted in the same way.
The utilization of a single combined index has many advantages over the use of several isolated parameters. The most obvious one is that it is easier to interpret. Besides that, several subnormal parameters may become abnormal when analyzed together. On the other hand, a single abnormal parameter obtained because of a technical error would be compensated by the remaining normal values. Theoretically, a combined index could enhance both sensitivity and specificity of nerve conduction studies 8 .
In this study, we compared sensitivity and specificity of five different parameters of nerve conduction study with a combined index to detect polyneuropathy in symptomatic diabetic patients.
mETHoDs
Regression equations to calculate Z-scores were obtained from a previous study in our institution using 125 control subjects with age varying from 18 to 86 years (mean 46) 9 . We analyzed five parameters in each lower limb (total of ten in each patient): sensory conduction velocity of the sural nerve (SCV-S), natural logarithm of the amplitude of the sensory action potential of the sural nerve (ASP-S) and superficial peroneal nerve (ASP-P), motor conduction velocity of the peroneal nerve (MCV-P) and F-M minimal latency of the tibial nerve (FW-T). The equation for Z-score calculation was: Z = (Vo -Ve)/SD, where Vo is the observed value of the parameter, Ve is the mean expected value corrected by age and height, and SD is the standard deviation observed in the normative group. The expected value was obtained by regression analysis according to the general equation: Ve = b.a 2 + c.a + d.h + e, where a is age in years, h is height in centimeters and b, c, d, and e are experimental calculated coefficients. The coefficients and standard deviations of each parameter are listed in Table. We retrospectively analyzed 100 consecutive diabetic patients referred to our diagnostic center for neurophysiological evaluation of clinically suspected diabetic polyneuropathy. All patients had glycosylated haemoglobin levels above 6.5 mg% and reported paresthesia or burning sensation in both feet. Patients older than 65 years of age or with other known cause for polyneuropathy were excluded. We also analyzed retrospectively 200 consecutive non-diabetic patients referred for suspected lumbosacral radiculopathy. All patients had lumbosacral pain radiating down to one leg and fasting glucose levels below 99 mg/dL. Patients older than 65 years and those with bilateral symptoms were excluded. This study was approved by the ethics research committee of our institution.
Nerve conduction studies were performed according to our standard protocol using a Portable Keypoint equipment (Dantec, Skovlunde, Denmark). Skin temperature was kept above 30 º C. Sensory nerve action potentials of sural and superficial peroneal nerves were recorded using a bar electrode of 3 cm, with fixed distance of 14 cm between the stimulating and recording sites. We measured ASP-S and ASP-P in microvolts, and SCV-S in meters per second. Motor conduction studies were recorded with adhesive electrodes (Dantec 9013L0452, Skovlunde, Denmark) located over usual recording sites. MCV-P was recorded between the ankle and the fibular head, and expressed in meters per second. We measured the shortest of 10 tibial F waves latencies and subtracted the distal motor latency (M latency) to calculate FW-T in milliseconds.
All values were converted to Z-scores according to the equations in Table. FW-T was expressed in negative form, so that all negative Z-scores corresponded to subnormal values. We obtained ten Z-scores from each patient ( five from each lower limb), calculated the mean Z-score and used the last equation in Table to obtain the combined index. All Z: Z-score; Vo: observed value; Ve: expected value; SD: standard deviation; a: age (years); h: height (centimeters); b, c, d, and e: experimental coefficients; ASP-S: natural logarithm of the amplitude of the sensory action potential of the sural nerve (µV); SCV-S: sensory conduction velocity of the sural nerve (m/s); ASP-P: natural logarithm of the amplitude of the sensory action potential of superficial peroneal nerve (µV); MCV-P: motor conduction velocity of the peroneal nerve (m/s); FW-T: F-M minimal latency of 10 F waves of the tibial nerve (ms). *Negative value of the standard deviation, so that negative Z-scores values refer to prolonged F waves. calculations were done using a Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, USA). If any parameter were unobtainable, the mean was calculated from the remaining Z-scores. If all parameters were unobtainable, the Z-score was also considered unobtainable. We used two different cutoff levels to define abnormality: -2.0 and -2.5 SD. Unobtainable parameters were also considered abnormal. We compared sensitivity of the combined index and of the five isolated parameters to detect polyneuropathy in the diabetic group of patients. We also compared specificity of the combined index and of the isolated parameters in the group of non-diabetic patients. The combined index and isolated parameters were compared through Chi-square test. Differences were considered statistically significant when p<0.05.
REsuLTs
The group of symptomatic diabetic patients was composed of 39 women and 61 men. Age ranged from 25 to 65 years (median 57). The non-diabetic group was composed of 113 women and 87 men, with age ranging from 21 to 65 years (median 47).
The sensitivity of the combined index was 81.0%, when using 2 SD as cutoff point. Sensitivities of the other parameters were: ASP-S -62.5%; SCV-S -57.0%; ASP-P -58.5%; MCV-P -64.5%; and FW-T -59.0%. The combined index was more sensitive than any other isolated parameter (p<0.05). If any single abnormality was considered, the five parameters together yielded a sensitivity of 84.0%, which was not significantly different from the combined index. Using the same cutoff point, the specificity of the combined index was 97.0%. Specificities of the other parameters were: ASP-S -97.0%; SCV-S -97.0%; ASP-P -98.0%; MCV-P -96.3%; and FW-T -96.0%. There was no significant difference in specificity between the combined index and the other parameters. If any single abnormality was considered, the five parameters together yielded a specificity of 81.0%, which was less specific than the combined index (p<0.05).
The sensitivity of the combined index was 74.0%, when using 2.5 SD as cutoff point. Sensitivities of the other parameters were: ASP-S -56.0%; SCV-S -48.0%; ASP-P -52.5%; MCV-P -55.5%; and FW-T -53.0%. The combined index was again more sensitive than any other isolated parameter (p<0.05). If any single abnormality was considered, the five parameters together yielded a sensitivity of 70.0%, which was not significantly different from the combined index. Using the same cutoff point, the specificity of the combined index was 98.0%. Specificities of the other parameters were: ASP-S -98.0%; SCV-S -99.8%; ASP-P -98.8%; MCV-P -99.5%; and FW-T -99.0%. There was no significant difference in specificity between the combined index and the other parameters. If any single abnormality was considered, the five parameters together yielded a specificity of 94.5%, which was not significantly different from the combined index. Sensitivities of the combined index and of all isolated parameters with both cutoff points are shown in 
DIsCussIoN
This study showed that our combined index is more sensitive than isolated common nerve conduction parameters for diagnosis of clinically suspected diabetic polyneuropathy. If any single abnormality was considered, sensitivity of the combined index was similar to that of all parameters taken together; however, specificity of the combined index was higher. This effect was observed only if the cutoff point of 2 SD was used, but not with 2.5 SD. The probable cause for this discrepancy was insufficient power of the study; a larger number of patients would be required to demonstrate the same effect when using the 2.5 SD cutoff point.
How many different nerve conduction tests should be done to confirm diabetic polyneuropathy? It is logical that several tests would yield better sensitivity, but it also increases the chance of abnormal results with no clinical significance, thus reducing specificity 8 . From the mathematical point of view, if we considered five independent tests with sensitivity of 60% and specificity of 97%, sensitivity would increase from 60 to 99%. On the other hand, specificity would decrease from 97 to 86%.
Our combined index had the advantage of enhancing sensitivity without losing specificity. It was designed in the clinical context of diabetic polyneuropathy, and all parameters were affected in a similar way. The most sensitive parameters were MCV-P and ASP-S, as previously reported by Dyck et al. 10 , but we could not demonstrate significant differences between the parameters due to the small number of patients. Our combined index is possibly not suited for the diagnosis of other types of polyneuropathy, such as vitamin deficiency or Guillain-Barré syndrome, because these parameters are not affected in the same way. Dyck et al. have shown that composite scores were less sensitive than isolated motor conduction parameters in patients with multifocal motor neuropathy 11 . Combined nerve conduction indexes, also known as "composite nerve conduction scores", have been used successfully before 1, 4, 7, 8, [10] [11] [12] [13] . Perhaps the most popular one is the combined sensory index for carpal tunnel syndrome developed by Robinson et al., which showed higher sensitivity when compared to isolated sensory latencies differences 8 . Even so, combined indexes have not achieved wide acceptance, probably because they need some post-processing calculation and require well-established normative values.
A combined index provides better distinction between healthy and diseased subjects through the addition of multiple trends from each individual test 8 . A combined index should also be more reproducible, since it minimizes random experimental errors from isolated parameters, although we cannot demonstrate that with the present study. However, other studies have shown this effect 4, 7, 11, 14 . A single parameter that is more reproducible and more representative is better suited for patient follow-up or for longitudinal studies, including clinical trials 6 . There is some discussion regarding which is the best mathematical approach for normative values: normal deviations or percentiles 5, 15 . Z-scores assume a Gaussian distribution for the normative data while percentiles do not 15 . On the other hand, percentiles require a larger normative sample 15 and do not provide information on "how abnormal" is the parameter, since they cannot see beyond percentiles 0 and 100. One great advantage of Z-scores is that they can be averaged while percentiles cannot. Percentiles have to be converted into standard deviations before they can be averaged 11 , which is fine when dealing with values in the intermediate range, but may be inaccurate when dealing with abnormal values.
A troublesome problem about averaging Z-scores is what to do with unobtainable parameters. We chose a conservative approach and excluded unobtainable parameters from 
